
These pages show that we are allowing Americans to be exposed to levels 4 to 12 fold higher than those
levels which the Soviets exposed Americans at the U.S. Embassy in Moscow.

Enclosed are:
o Engineering reports showing the predicted exposure levels at 3 mobile telecommunication cell sites in
Seattle, Washington. The maximum predicted exposures are

Microwatts per square centimeter of area Neighborhood Location
23 Laurelhurst
30 Ravenna
62 Edgewater

o Page 5-115 of the EPA report, Biological Effects ofRadiofrequency Radiation, 1984, EPA-600/8-83
026F which gives the exposure levels at the U.S. Moscow embassy. Note that for 23 years, from 1953 to
May 1975 the exposure levels did not exceed 5 microwatts per square centimeter.

Therefore the exposure levels for the above 3 Seattle neighborhoods are 4, 6, and 12 fold higher than that
which the Soviets irradiated the U. S Moscow embassy

Note that the EPA reports there was a 3 fold increase in protozonal infections than in comparison post
employees, and that, "In general both sexes in the Moscow group had somewhat higher frequencies of
most of the common kinds of health conditions reported. "

The author reported that location in the embassy was not related to incidence rates. The relevance of this
is not clear since only half of those sent questionaires reported, and also since location during work hours
may not reflect residence location after work hours. Also, some persons may have higher sensitivies than
others. In addition, studies in vitro of the effect of radiofrequency on calcium efflux ions of chick brain
shows that effects sometimes occur at lower levels and not at higher levels
[see above EPA study page 5-88-5-93, EPA notes this phenomena of effects at lower levels but not at
higher ones "may prohibit the invocation of threshold levels (page 5-92)." Thus, the observed fact of
higher incidence rates at the microwave irradiated US. Moscow embassy is the key fact to consider.]

o Page 16 of the report of Dr. Neil Cherry on the epidemiological study of the u.s. Moscow embassy by
Dr. John Goldsmith finding that there was a statistically significant increase in the white blood cell counts,
mean hematocrit increased, and a threefold increase in monocyte count.

He reports there were also raised cancer deaths (15 out of 31 women staff, including leudkmia, famale
genitalia cancer, and child cancer. [from Goldsmith, lR. 1995: Epidemiological Evidence of
Radiofrequency Radiation (Microwave) Effects on Health in Military, Broadcasting, and Occupational
Studies. International Journal ofEnvironmental Health, 1, pp 47-57, 1995 (note elsewhere the name of the
journal has been given as International Journal of Occupational and Environmental Health)]

o Page 128-129 from The Zapping of America by Paul Brodeur, 1977, W.W.Norton, in which it is
documented that the white blood cell lymphocyte counts ran 44% higher than normal in 64 out of213
American diplomats.

Also, that Zbigniew Brzezinski, the national security advisor to President Carter, reported to Paul
Brodeur that,

"The cancer rate among Americans at the Moscow embassy was the highest in the world."
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Cellular Power Density for the Edgewater Cell Site.
Preoared bv RoY NorauttS IO"'~
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From V.r1Jca1 84lIow V.rtkl&l From Pawwr AH8l
TOWIll' IleW'MlOft HortIOft PlI*m c.n.tty ~
nr.t) n:een If..,.. fdlll (F4lM) IfuWJcm"'2 (MOuWJcm"'21 Comnwnta:

0 0 110.0 ·21.0 29.0 1.tle8 -.-
5 0 80.2 ·21.0 2lU 1.821 Q..27.c7"lft

10 0 71.0 -215.0 30.7 2.87e 0.1044
20 0 55.4 ·17.0 35.2 , ....-
30 10 32.3 ·11.5 3!.6 ~ 82.688 / ,0.., 2nd ftoor of edl eDWUnent
40 0 35.; ·10.8 ~., ~ "'31 , -' floor of ed1 nt
50 0 30.1 ·12.5 67.8 :8.7&4 3.1~

eo 0 25.8 ·18.0 ee.e 3.1eCl "",,-,",

70 0 22.5 '12.3 75.8 1'.~5 1.'"
80 0 19.9 ·G.O 85..1 18.382 ~1

110 a 17.; ·7.0 lM.e 24.878 4.2187
100 0 18.2 ~.1 lc...1 25.53S .-
110 a 14.8 ".8 113.• 3O..5e8 L1""
120 0 13.8 -3.8 12:3.5 211.791 5-
130 0 12.1 -3.1 133.2 31.t33 --
140 0 11.7 ·2.5 140 30._ 5.,---
1SO 0 10.; ·2.0 152.. 30.138 L11r7W
180 0 lQ.3 ·2-0 11:1.1 2tI.803 .. -
'''' 0 t.7 .1.' 172.5 0!5.0I2 ......
tlO 0 g.2 -1.' 182.3 22.•,5 1,.,
19o 0 '.7 ·1.3 182.2 22.372 3.1,'.
2QO 0 1.3 -1.3 2Q2.1 20.235

-;0 .._

22& 0 7.3 -<).8 22tU 17.807
250 0 U -<).• 251.7 14.831 2,"'2'
m 0 e.O -<).8 m.$ 12.127 "'_'"
300 0 5.$ -<).3 301 .• 11.463 '''''2'
32S 0 5.1 -<).3 -.3 t.m 1.111ft1

36D 0 ~.7 -<).1 351.2 '.133 1.....,.,.
m 0 ~, .. -<). t 378.1 7.1')1 1-
~ 0 ~.1 -0.1 401.0 5.773 ,.1~

.m 0 3.7 0.0 e.; 5.CJ .-
!CO 0 3.3 0.0 sao.. ~...... o.~

100 0 U 0.0 100.7 3.080 ;;700 0 2.6 0.0 7'00.1 2.271
IClO 0 2.1 0.0 100.5 1.740
aao 0 u 0.0 au 1.375 .-

1000 0 1.1 0.0 1cao.. 1.1 " o.f.
leao 0 1.1 0.0 1!5CCI.3 a.• 0.... I

2CCO 0 0.1 0.0 2CCO..2 ont
2!500 0 0.7 0.0 2!OD.2 0.178
:JeD) 0 0.8 0.0 3OCO.1 0.124 ,

4000 0 0.• 0.0 4QOO.l 0.07'0 Q.011
soao 0 0.3 0.0 &000.1 0.00&1 o.alr7

AaaumptJona: I
,.) "&-Bend" c.alular Trwwnnrer FfttqUene. &AI MO.02 to 5;3.85 MHz.

I
2.) All~ .. tie In lJ1e raMI., IWQIOI'l mot U'le ~n;"1W'8~ is ,. In'.:twa.

i
So)~~ 64"'" ...tIecDd ener;y from ttl. grouna.

I
I

4.) CelQ""''''''' ... -ora c:a.~ en lnIOt'l8ClI11I'ftIMU Nl f)tOYlde muImum gain I

loraeD~ In" nartzur..... I



Cellular Power Density for the Ravenna Cell Site.
d9/22/94Precared by: Roy Norgaard

Antenna Heigl'll. 38 reet ERP/Chan. 50 wans I,
Measurement HI. e Illet \j.J- Al'tenna. DB 833R

,'j\' Number of Radio Chan 30
..... ,

Distance Adjusted Angle Antenna Distance Chennels % of Reviseo

comm.l.,
From Venlc" Below Vertjcal From P~wer ANSI

Tower E1lvltion Horizon Plnlm Antlnna Oenllty Standard
IFe.tl lFeetl Idegree.1 IdB! IFeeU luW/cm A 21 1590uW/cm"21

0 0 90,0 ·29.0 32.0 0.685 0.1162%
5 0 81.1 ·29.0 32.4 0.689 0.1134%

10 0 72.6 ·28.0 33.5 0.786 0.1332%
20 0 58.0 ·17.5 37.7 6.981 1.1798%
30 0 46.8 ·13.1 43.9 14190 2.4060% I
40 0 38.7 ·10.6 51.2 la.502 3.1359%
50 0 32.6 ." .5 59.4 11.198 1.8980%
80 0 28.1 ·14.0 88.0 4.799 0.8134%
70 0 24.6 ·17.0 77.0 I.B77 0.3182%
BO 0 21.B ·1 1. 1 B6.2 5.828 0."78~

90 0 19.6 ·9.0 95.S 7.e91 1.3038% I
100 0 17.7 ·7.0 105.0 10.089 1.7100" ~

110 0 16.2 ·6.1 114.8 ",U..... ....... 1.78715% /~
120 20 5.7 ·0.3 130.8 l 30.414 ./ 6.1 &50% 3,d "00' IPt to norttl !'f"~

130 0 13.8 ·3.9 133.9 .• 2.1473" Ai)
140 0 12.9 ·3.1 143.8 13.391 2.2188% -
150 0 12.0 ·3.1 153.' 11.740 1.....%
leo 0 11.3 -2.5 163.2 11.773 1.'111S"
170 0 10.7 ·2.0 173.0 \1.763 1.H21"
180 a 10.1 ·2.0 182.8 10.622 1.7'31%
190 0 9.6 ·1.8 192.7 10.035 1.700'"
200 0 9.1 -1.a 202.5 9.0al 1.&382%
225 0 8.1 .1.3 227.3 8.000 1.31S10"
250 0 7.3 -0.9 252.0 7.132 1.20'."
275 0 6.lS ·0.8 278.9 8.048 1.0212"
300 0 8.1 -0.8 301.7 5.094 0."33"
325 10 3.9 0.0 327.7 5.191 0.1798" T~ 2 ItOIy Naldenc
350 0 5.2 ·0.3 361.5 4.211 0.713''''
375 0 4.9 ·0.1 378.4 3.848 0.1"8"
400 0 4.8 ·0.1 401.3 3.383 0.1734"
450 0 4.1 ·0.1 451.1 2.87e 0.4131%
500 0 3.7 0.0 601.0 2.221 0.3714"
eoo 0 3.1 0.0 eoo.9 1.544 0.2117"
700 0 2.e 0.0 700.7 ,

0
135 0.112.'"

800 0 2.3 0.0 800.8 0.'70 0.1474'"
toO 0 2.0 0.0 800.8 0.117 0.""%

1000 a 1.8 0.0 1000.5 0.157 0.0t44~

1500 0 1.2 0.0 1500.3 0.248 0.01120"
2000 a 0.8 0.0 2000.3 0.139 0.0231"
2500 0 0.7 0.0 2500.2 0.088 0.0111"
3000 0 0.6 0.0 3000.2 0.012 0.0101"
.000 0 0.5 0.0 4000.1 0.035 0.0011%
5000 0 0.4 0.0 5000.1 0.022 0.003'"

Assumptions:
'.J -B-Bencl' Cellular fren.mln.r Frlquet1C..1 Ire 880.02 to 883.85 MHz.

I
2.) All expOlute. will bl in thl fir-field reOlon .!ftC. the Iongl.. wavelength i. ~ 4 inche•.

I
3.) ExpOlute. indude e4% r.nected enefQY from ml around.

I
4.1 Calculations Ir. worst ca.e bllecl on thlOreUCaiantlnn.. that provld. maXImum gain

Ifor 300 Oe;r", til tne nonzontll gllnl.
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ellular Power Density for the Laurelhurst Cell Site.
red bY Roy Norgaard 11107~

.' ...-----~-~-_:..-~-+---==-=~-~=---:-:-----,Anlonna Haigh!: 45 teet I ERPfChan: 100 watts

M",UAlment HI ..~ 1881\ If Anlenne: 0883aA
L. ...;N::um~be=:.r..:::o::..;1~:;:.~dlo~C~~~I_ __=-~__~'V----------------.l·:;

I

Diatenci Ad""*! Angle AnteMl PI.tlnct Channell % or R'ltl.ed
From Vertlc:,' Below Vertical From PDYMr ANSI

Tower EIe¥llUon HoN.on Pet*" Antenn. Denltty &I8nClan:a
r....n {fR••n ICde8"_' (dBl (P.en IfuW/cm"z I f59OUW/c:m"Zt

o 0 ;0.0 ·21.0 31.0 0.823 O.1H4't1l
5 0 82.7 ·28.0 3U O.DOS 0.15311%

10 0 15.8 ·28.8 403 '420 0.2408%

Commen'.:

20 0 82.1 ·20.1 438 5.1'71 0.1112%
30 0 &2.4 ·15.3 49.2 W'. "'\ 2.aD33%
40 0 U.S ·122 55.8 /21523 I 3.8410% Itore. alona SInd Point Way,
50 0 3&.0 ·10.7 CJ.4 '7 Z3.871 / 4.04''''' Itor•• elona Send Pol"l Way
90 0 33.0 .11.1 71.6 -- nr.v;;- 2.1842%
70 0 20.1 ·13.& eo. I 7.2311 1.UI1%
80 0 26.0 -19.0 88.0 1.772 0..3003%
go 0 23.4 ·1 .. .0 98. I 4.813 0.781K

100 0 21.3 ·11.1 101.3 7.511 1.2731%
110 0 18.5 -1.0 11e.7 10.304 1.74&4%

120 0 18.0 -8.0 126.2 11.098 1.1.,0%
130 0 Hl.7 -8.1135.7 15.028 2.5471".

tGO 0 14.8 ....5 '".0 16.461 2.711D"llo
1eo 0 13.7 .3.t 184.7 16.1~ 2.1382'"

1----,:.:::70~----:O+-~,~2~.I+--.3~.~1+-~17=-4~'''~-~'8;;''.1:-::5~- -~3.~D~77==4:-:%~T::-hr"7lftw:--'-llt-,D-le-rk:-:l-n~aIO-t---"'"I

,so 0 12.2 ,3.1 18<C2 16 tEn 2.7SN%
,go 0 11.8 ·2,5 1i<C.O 16.884 2.81..%

~ 0 11.0 .2.5 203.8 15.089 2.&591%
225 0 g.n .\.8 22U 14 289 2'?18~

250 0 U ·1.3 253.0 12.809 2.1878%
275 0 8.1 ·1.3 277.8 10.713 1.1161%
300 0 7. -D.e 302S Q.801 1.8782%
325 0 e.8 -o.a 327.3 US4 1.4M8%
3!iO 0 e.. -0.. 362.2 7.4" 1.2672%
375 0 5.11 ·0.3 377.0 7.319 1.2401%

400 0 5.6 -0.3 401.0 8"' 1.001''''
4SO 0 5.0 ..().1 45f.7 5.340 0.9051'"
600 0 4.5 -0 1 501.6 4331 0.7341".
eoo 0 3.7 0.0 601.3 3084 0.5227%
700 0 U 0.0 701.1 1268 0.1144%
800 0 2.8 0.0 101.0 1.138 0.2141%
eoo 0 2.5 00 eoo.e 1374 0.2328",

1000 0 2.2 0.0 1000 8 1.113 0.1887%
1500 0 1.6 0.0 1600 [; 0.406 0.0830%
2000 0 1. I 0.0 2000." 0279 0.0"2%
2500 0 0.' 0.0 28003 0.178 0.0302%
3000 0 0.7 0.0 3000.3 0.124 0.0210%
4000 0 OG 0.0 40002 0070 0.0118%
sooo 0 0.4 0.0 50002 o.~ 0.0071%

A••umptlons:
1.) "8·BaIld" eenUl.r Tran,ml"" Flequendelll ant 880.02 10 893.85 MHz.

2.) "" exposure. wllll>e In Uteta,·rleld region since the long".' wl!velon\Jlh 18 14 lncnos.

S.) Expoeur•• InCUJd' 64% relleded enorgy 'rom the gruund

4.) CalcUlallon. ant woral ca•• b....d on 1heontllcal .ntenn.. llull prDY1de maximum vain
for sea degree. In lhe horizontal plane
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ExtenSive efforts were launched to Identify and trace
the populatIons. Information on Illnesses. condItions.
or symptoms were sought from two ma,or sources: (1 )
employment medical records. which were fairly
extenSive. given examInation requirements for
foreign duty, and (2) a self-administered health
history questionnaire. Questionnaire responses were
validated for a stratIfied sample by review of hospital.
phYSICian. and chOlc records. Death certificates were
also sought. although other sources also were used
to ascertain mortality status.

Standardized mortality ratios for various subgroups
were calculated for each cause of death. were
standardized for age and calendar period. and were
specific for sex. Similar procedures were used to
develop summary Indices of morbidity.

A total of 4388 employees and B283 dependents
were studied. More than 1800With 3CXX> dependents
were employed at the Moscow Embassy and 2500
with more than 5000 dependents worked at the
comparison posts. Ninety-five percent of the
employees were traced. Receipt of completed
Questionnaires was less successful. WIth an overall
response rate of 52 percent for State Department
personnel:

Based on InformatIon In medical records. varIous
health problems were generally SImIlar, with two

[
exceptions. MOlcow employees had a threefold
greater fiSk of acqUiring protozoal infectIOns than
comparison-post employees. In genera" both sexes In

[
the Moscow group had somewhat hIgher freQuenCIes1
of most of the common ki~of health conditions
reported. Lilienfiid ., a/. (178) statea. However.
these most common conditions represented a very ~

heterogeneous collectIon and it il difficult to
conclude that they could have been related to
exposure to microweve radiation SInce no consistent
panern of increaled freQuency in the exposed group
could be found."

Powe' Oenstly IInCl
Exposure Ou,allon

Ma. 015 uW cm'
9 h oay

18 u'tN cm'
18 h Clay

FraC1l0ns of a uW 'cm'
18 II Clay

Souln ana EUI FacaCle

Wesl FlIcliae

Souln IIno Easl Facaoe

Microweve EllJlOlureleve'l at the U.$. Emba..v
in MolCow'

EallOseo
Ar•• 01 Chllncery

Table 6·30.

1953 10 May 1975

June 1975 10 Fell 1976

SInce Feb 7 1976

Robinene and Silverman (1977) and Robinene et a/.
(1980) examined mortality and morbidity among U.S.
naval personnel occupationally exposed to radar.
Records of service technical school. were used to
se'ect subjects for the study; the men graduated from
technical schools during the period from 1950
through 1954. Exposure categorizations were made
on the baSIS of occupatio"al specialtV. The exposure
group (probably highly exposed) consisted of
technicians involved in repair and maintenance of
radar equipment. The controls (probably minimally
exposed) were Involved in the operation of radar or
radio equipment. It wa. estimated from shipboard
monitoring that radiomen and radar operators (in the
low-exposure group) were generally exposed at less

Some excesses were repaned by Moscow emplovees than 1 mW/ cm2• and gunfire control and electronics
in the health history questIonnaire. Both sexe. technicians (in the high-exposure group) were
reported more eye problems due to correctable exposed to higher levels during their dutie•. Over
refractIve errors. More psoriasis WlS reponed by men 4O.CXX> veterans were included in the study, with

[

and anemia by women. The Moscow employeel.Jabout equal numbers in these twO major exposure
especially males. reponed more symptoms such as cla..ifications. The mean age in 19&2 of the low-
irritability. depreSSIon. difficulties In concentration. exposure group was 20.7 years and of the high-
and loss of memory. It is possible. however. that a bias exposure group. 22.1 years. tn conjunction with naval

5~V1-1 r~5 <J()-V'~ 5 et. $>~G,-ak 5-"5

W ~ !fit /~ VV (.;u 1'1l/83

due to awareness of potentIal adverse effects IS

operi!ltlng. since the strongest differences were
present In the subgroup With the least exposure.

The observed mortality was less In both male and
female employees than expected. based on U.S.
mortality rates; the male employees had more
favorable expenence than female employees. In both
sexes. cancer was the....e.,redomJnanr cause of death,
The Moscow and companson groups did not differ__-----------------------J. appreciably In overall and speCific mortality.
However. the population was relatively young; It may
have been too early to detect long-term mortality

effects. 13i~ "'j'ln e,~.-~(AJ'f)fJ,41/. 5-kt&'
The authors concluded that no convincing eVidence
was discovered to implicate mIcrowaves in the
development of adverse health effects at the time of
the analysis. But they also carefully discussed
the limitatIons ,nherent In the study: uncertaint,es
aSSOCiated With the reconstructIon of the employee
populations and dependents. difficulties of obtaining
death certificates. the low percentage of responses
for the Questionnaire. and the statistIcal power of the
study. The limitation most critical for consideratjpn in
a document such as thIS relates to ascertainment of
exposure. Problems relative to Individual mobility
within the embassy and variatIon of field intenSities
within the building are present In this study as in any
other. No records were avaIlable on where employees
lived or worked. so one had to rely on questionnaire
re.pons.s to estimate an individual's potential for
exposure. The highest exposure level (18IJW/cm2)

'MIS recorded for only 6 months In 1975-76; thus. the
group exposed to the most Intense fields had the
shortest cumulatIve time of exposure and of
observation In the study.
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Dr John R. Goldsmith. Professor of Epidemiology, faculty of Health Sciences. Ben-Gurion
University of Negev, Israel, is an eminent and internationally recognrsed and respected
epidemiologist who has told me personally that he had no trouble at all with his reviewers nor
the editor in getting this paper published.

I have studied several of Dr Goldsmith's references which are publisheo in journals which are
held by the Medical School Library in Christchurch and Dr Goldsmith's paper fairly represents
the findings ot these papers.

For example, the study at· miscarriages among female physiotherapists in the United States.

Dr Goldsmith carried out his own review of all published documents surrounding the U.S.
,Moscow embassy exposure, including significant material obtained under the Official
Information Act and not previously published. Dr Goldsmith points out. as other researchers
have concluded also. that concentration on death as an outcome, ignores a host of evidence
of changed health status which is statistically correlated to increased exposure to
microwaves.

. 16 •

Adult dependents showed five malignant neoplasms compared with 1.5 expected and
dependent children showed greater than expected anemia.

In the Moscow embassy case the mean exposure levels are estimated at between 51J,W/cm2
and 181J,W/cm2, compared to the 'sate level· of the New Zealand standard of 200 p.W/cm2.
Assuming an average 40 'hour working week, the mean exposure of embassy staff is in the
range 1/SW/cm2 to 4IJ,W/cm2.

In his discussion Dr Goldsmith makes the following observation which is significant from a
person of his standing, but is shared by every researcher of the five I have contacted so far:

"There are strong political and economic reasons for wanting there to be no health
effect of RF/MW (radiofrequency/microwave) exposure, just as there are strong
public health reasons tor more accurately portraying the risks. Those of us whO
intend to speak for public health must be ready for opposition that is nominally but
not truly. scientific.'

L
it was found that despite the lower than average age of the embassy staff and families than
the general U.S. population, there was a statistically significant increase with white cell
counts, mean hematocrit increased and a threefold increase in monocyte count, while
neutrophil percentage fell and then rose and the reverse occurred for lymphocytes. There
were raised cancer deaths (15 out ot 31 women staff). including leukemia. female genitalia J
cancer and cnlid cancer. G

/
I

a.s Chinese research:

Totally separate and independent of Or Goldsmith's work there are several other researchers
and research groups who have detected significant changes in health status in workers
exposed to microwaves. The following abstract appears among those from the Second
Annual Meeting of the International Society for Environmental Epidemiology. Berkeley,
California, August 13-15, 1990. Judging by the terminology and the author's narne this IS
presumed at this stage to be based on work in China Work is going on in China which has
been reported in Microwave News.
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The State Dept. has given Johns Hopkins University of Baltimore
a $150,000 contract to determine whether there is a link between
microwave radiation beamed at the U.S. embassy in Moscow alld an
apparently high rate of cancer among Americans serving there.

Richard Moose, deputy undersecretary of state for management,
said the cost of the research project might go as high as S400,ooo
before it is completed and that it would be a year or more before the
results are known.

"But it will be worth it to lower the anJ.iety level among Moscow
Embassy personnel and restore credibility in the State Dept. manage
ment by Foreign Service families who felt they have been victimized."
said Moose, who visited Moscow siJ. weeks ago.

A separate, nonscientific study is being conducted by an emotionally
involved Foreign Service officer whose wife developed breast cancer
while they were serving in Moscow, Moose said.

The survey has disclosed that 16 American women who served in
Moscow developed breast cancer, Moose said. Two former American
ambassadors to Moscow, Charles (Chip) Bohten and Llewellyn

about anything. President Carter had recently criticized their failure
to observe basic human rights, and the State Department had
c1l1imed thnt the Moscow drinking water contained dangerous
amounts of cyanide and mercury. According to Wren, the Soviet
health officials did see fit to present a basic textbook on hematology
to Dr. Stossel-a gesture some diplomats considered condescending.
Whether this gesture was an attempt to condescend or to educate is

• a matter of opinion, especially in light of what two members of the
State Department's medical team were quoted as saying during their
Moscow visit. Dr. Watson, for example, reported that the lym
phocyte counts, which ran forty-four percent above normal in 64-m1t
of 213 American diplomats ana their dependents who were tested,
COnstituted a "sJiglit slim:" And Dr. Stossel declared that the abnor
mality, which receded after the Americans left Moscow, "has no
known pathological meaning."

The certainty of these two medical doctors about the abnormal
lymphocyte counts may well have temporarily reassured the Ameri
cans who live and work at the Moscow Embassy. During the early
part of May 1977. however, an article written by Keyes Beech, a
syndicated Chicago Daily News columnist, appeared in newspapers
around the country. One version began as follows:

~
{1ll~1The Cancer Connection

Thompson, both died of cancer in the past few years.

[

Zbigniew Brzezinski, Polish-born national security adviser to Presi
dent Carter, told this reporter in March 1916, in Tokyo, that the cancer
rate among Americans in the Moscow embassy was the highest in the
world. •
fu blamed Soviet microwave radiation beamed at the embassy for
what appears to be the abnormally high cancer rate.

"But none of this proves anything," Moose said. "We just don't
know, but we are determined to find out."

Dr. E. Cuyler Hammond of the American Cancer Society scoffed
at the idea that microwaves can cause cancer.

"This is poppycock Buck Rogers stuff," he snorted. "The chances
are just about nil, although not impossible. Microwaves are not like
gamma rays or X-rays which do penetrate the cells and cause cancer."

Dr. James M, Sontag of the National Cancer Institute at Bethesda,
Md., was more cautious, ", wouldn't scoff at the possibility," he said.
"It's true that microwaves are non-ionizing and therefore supposedly
not carcinoJenic. •

"But ultra-violet light is also non-ioniziJ!J and it can cause cancer."
he said "That's the way people let skin cancer" .

Considering all lhe evidence, Dr Sontag's remarks about a possi
ble link between microwave irradiation and cancer seem eminently
sensible; those voiced by Dr. Hammond do not. Dr. Hammond is
Vice-President for Epidemiology and Statistics of the American Can
cer Society; he participated in an analysis of the medical elJects of
the atomic Clplosions thaI devastated Hiroshima and Nagasaki in
1945; his large-scale epidemiological studies of more than a million
men and women provided a major basis for the conclusions drawn
in the 1964 Surgeon General's report on the health elJects of cigarette
smoking; his statistical analysis of mortality among asbestos workers
has provided a major basis for lhe certainty that asbestos inhalation
is cancer-producing; and he, more than most people, should know
better than to dismiss out of hand somelhing he has not even both
ered to study. One wonders if Dr. Hammond would dismiss as
"poppycOl:k Buck Rogers stull" a suggestion that microwave radia
tion alfects the central nervous system and alters behavior, or thaI
it may cause genetic damage And what would he say to the fact thaI
when the State Department secretly tested young women from the
Moscow Embassy for genetic damage during the late II)6os, it found
evidence that such damage had occurred?
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changes caused by exposure to electric and magnetic
fields In the sub·ELF range (0 to 30 Hz). It has been
reported that exposure to low-frequency electriC
fields changes the reaction time in humans (Konig
and Ankermuller 1960; Hamer 1968: KonIg 1971) and
In monkeys (Gavalas; et a/. 1970; Gavalas·Medici and
Day-Magdaleno 1976). and alters circadian activity
in human beings (Wever 1973). Friedman et al. (1967)
observed that magnetic fields modulated at low
frequenCies also change reactIon tIme In human
be,ngs.

Two other studies that provide Important background
information are reported by Kaczmarek and Adey
(1973. 1974). In the first report. they described
release of calcium Ions and y-amlnobutyrlc acid
(GABA) from the cereoral cortex of cats In response to
small changes in the extracellular concentration of
calcium. In 1974, they demonstrated release of
calcium ions and GABA from the cat cortex In

response to low intenSity electnc currents. pulsed at
200 Hz. applied directly to the cerebral conex. Thus.
extracellular calcium and electric current have
similar effects on the release of GABA and ~Icium

ions from brain tissue.

The studies of (1 ) behavioral changes in animals and
human beings induced by low frequency signals and
(2) biochemical changes in the cat brain caused by
electric currents led to a study of the influence of
electric fields on EEG patterns associated with a
conditioned behav,oral response in cats (Sawin st al
1973). To increase the penetration of the signals into
the tissue, they chose an RF carrier wave of 147 MHz,
which was amplitude modulated at sub-ELF frequen
cies (e.g., 3 to 14 Hz). Alterations were observed in
the rate of performance. accuracy of reinforced
patterns, and resistance to extinction in learned
behavior of the exposed animals compared to
controls, indicating that the fields were acting as
reinforcers. In order to determine whether these
effects were mediated via peripheral receptors or
occurred as a re.ult of changes induced directlV on
the CNS. e~eriments were designed to examine the
effects of modulated RF carrier waves on brain tissue
in vitro.
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Paff et a/. (1963), working with the isolated embryonic
chicken hean. were unable to detect changes In hean
rate during exposure to 24.000-MHz (PW) radar fields.
They did, however. detect effects on the electrocar
diogram (ECG). Including abnormal Pand T waves from
3-mln exposures at 74 mW/cm2.

Frey and Seifen (1968) showed that 1O-~s pulses at a
carner frequency of 1.425 GHz given at a 'Synchronous
period with the ECG /220 ms after the P wave)
resulted In tachycardia or hean arrhYthmIa In the
Isolated frog hean. The peak power density was 60
mW/cm2(average power density -0.6J,/W/cm2). LIU
et a/. (1976) reported no effeet on hean rate with
Isolated frog heans or In heans irradiated in situ in a
similar study. The In Situ heans were exposed to 100
I.J$ pulses of either 1.42 or 10 GHz. and the Isolated
frog heans were exposed to 1oo-/.IS pulses of 1.42
GHz. The pulse was delivered on the rising phase of
the R-wave from the ECG. which as somewhat
Similar to, but not exactly the same as. the 2oo-ms
delay follOWing the P-wave used by Frey and Seifen.
(The R-wave follows the P-wave by about 200 ms.)
The peak and average power dens'tes of 320 mW and
32J,/W were also considerably higher than those used
by Frey and Seifen. These factors. plus differences In

the manner of preparing the ,solated heans (Liu et a/.
curarized the frogs, whereas Frey and Seifert
decapitated the frogs), make It difficult to compare the
results of the two studies.

Clapman and Cain (1975), however. tried to replicate
the study of Frey and Seifen uSing Similar putse
Widths (10 I.J$). peak and average power denSities (60
mW/cm2 and 0.6 ~/cm2), camer frequency (1 .42
GHz). and method of Isolating the frog hean: they
reported no change In hean rate. Also. no hean rate
changes were found when they conducted studIes
With a different peak power (5.5 W/cm2}, frequency (3
GHz), and pulse Widths (2 and 150 pS). Clapman and
Cain were able to produce an Increased hean rate
With 20-mA current pulses svnchronlzed 200 ms after
the P·wave peak.

The results of microwave exposure on the cardiovas
cular system (Table 5-22) indicate thlt whole-body
exposure of sufftcient intensItY to produce heltlng
also produces 1ft increlse in heln rIte Slmillr to that
which would be expected from hutlng lione. In the
isolated heln there Ippears to be I Slimulation of the
autonomic nervous system from microwave exposure
at levels where very little toeating would be expected
(1 to 2 W /kg). Low levels of synchrOnized PW
microwaves (0.6 to 32 mW/kg) apparently are
ineffective in prodUCing detectable alterations In
hean rate.

6.7.6.1 Calcium Ion Efflux In Vitro: A
Fundamental Finding

The association of calcium ions with brain tissue was
selected as the biochemical marker to eumine the
influence of modulated RF fieldS because calcium ion
effluX has been shown to be sensitive to electric
currents applied directly to brain tiSsue in vitro. and
because calcium ions have a prominent role In many
biochemical and biophysical processes (e.g., cellular

5.7.5 Bio/ogic.1 EHects of Low F",quency membrane integrity and function. enzyme cofactor,
Modu/.tion of RF R.di.tion putative second messenger for the conduction of
Interest In the biologIcal effects of low frequency extracellular signals to the nucleus of the cell, neural
modulation of RF radiation stems from reports of tissue eXCitation and secretion of transmitter
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substances at synapses). The first report of
the Influence of modulated RF fields on excised brain
tissue was Sawin et a/. (1975). who showed that a 20
min exposure of chick brain tissue in vitro to a 147
MHz field at 1 to 2 mW/cm2 (SAR estimated at 0.002
W/kg) caused enhanced efflux of calCium Ions. but
only If the field was sinusoIdally amplitude modulated at
frequenCies of 6. 9. 1 1. 16. or 20 Hz. MIl)Umal efflux
was measured at 16 Hz. Modulation frequencies of O.
0.5. 3. 25. and 35 Hz were ineffectrve. This frequency·
specific response. which occurred while the 147
MHz carner field was maintained at the same power
denSity. indicates that the field· induced efflux of
calCium Ions was not due to heating of the samples.

In another report. Baw,n et B/. (978) exposed chick
brain tissue for 20 min to 450·MHz fields. amplitude
modulated at 16 Hz. at 0.75 mWIcm 2 (SAR estimated
at 0.0035 W/kg) under a variety of chemical
conditions. The results demonstrated that (a) the
enhanced efflux of calcium Ions IS not highly sensitive
to the external calCium concentration. (b) bicarbonate
appears to be Important for enhanced efflux. (c)
lowerrng the pH from 7.6 to 6.8 in the presence of
bIcarbonate may enhance the magnItude of efflux.
and (d) lanthanum causes a reversal to field-induced
retardatIon of calCIum Ion efflux.

Corroboration of the frequency-specific response
descrtbed by Bawtn and co-workers was provided by
Bladtman et a£ (] 979). who showed that 16-Hz
amplitude modulation of 147-MHz carTI.r waves
caused enhanced efflux in chick brain tIssue In Vitro.
whereas modulation frequ.ncI.s of 3.9. and 30 Hz

[

did not. Although the data had large vartanc.s. an
unusual intenSIty response was described. I.•.• only
0.83 mW/cm2 (SAR estlmat.d at 0.0014 W/kgl
produced a stltlstlcallv SIgnificant efflux .nhance
ment (Intensity values are correct.d baaed on

l
dISCUSSIon tn Bladtman et a/. 19B08); power denslti.s
(0.11.0.55.1.11 and 1.3BmW/cm2)belowandabove
the effective value did not cause efflux. In a later
report. Blackman et a/. (1980a) used a reVIsed
statIstical model and eJq)8rtmental procedure to
reduce the influence of the large sample vanance. An
IntenSity response identiall to the" earher rnult was

[

'found. However. when the distance between samples
was halved. the range of intensities that produced
enhanced efflux increased to include 0.55. 0.83. 1.11
and 1.38 mW/cm1• whereas lower and higher values
of 0.11 and 1.66 mW/cm2 were in.fttctive. In
addition. an intensity region from 0.55 to 1.1 1
mWIcm 2 caused enhanced efflux when 9 Hz was
used as the modulation frequency. These data.
obtaIned with I more rigorous .xpertmental protocol.
provided additional support for the results of Bawln .t
a/. (1975) and Blackman et.1. (1979); however. the
explanation for the dependence on sample spacing
awaited further developments.

Joines et a/. (1981) examined the dependence on
sample spacing by calculation of the electrical
coupling between the samples: for similicity the
samples were modeled as spheres. They found that
Increased electrical ,nteractlon between the more
closely packed spheres produced a broader range of
internal field strengths Within each sphere. Thus. if a
given Internal field strength were necessary to cause
enhanced efflux. the chance would be greater for that
internal field strength to oCCur In closely coupled
samples exposed to a specific range of incident
intenSities. Joines et a/. (1981) found this result to be
consistent WIth the expert mental findings In
Blackman et a/. (1980a). Thus a potential artIfact was
shown to be a logical result of the experrmental
procedures.

The intensitY response observed by 81ackman et a/.
(1979) with modulated 147-MHz carrier waves was
confirmed by Sheppard et al. (1979) with 450-MHz _
carrier waves. m d at 16Hz: calcium-ion efflux
was enhanc .1 nd 10 mW/cm2 but not at
0.05.2.0. r 5.0 m cm 2. (The estimated SAR at 1.0 !
mW/cm2 is. W/kg.) The results of these two
reports show that the intenSitIes producing calClium
ion efflux from chick brain tissue in vitro are Within '"
the range of 0.1 to 1.38 mW/cm 2 for modulated 147
MHz and 450-MHz carrier waves.

The apparent carrier-frequency independence of
effective intensities was tested with a 50-MHz camer
weve. amplitUde modulated at 16Hz. Enhanced efflux
of calcium ions occurred within two intensity regions
(between t .44lnd t .67. and at 3.64 mW/cm:l; SARs
were 0.0013 and 0.0035 W /kg. respectively)
separated by intensities of no effect. including 0.72
mW/cm2 (Blackman et al 1980b). These effective
Intensity values were different from the corresponding
values of 147-MHz radiation; thereby indicating a
dependence on carner frequency. In addition this
result revealed the eXIstence of more than one range
of effectIVe Intensities.

The apparent discrepancy in effective power
densities at the three different carrier frequenCies
(SO. 147. and 460 MHz) has been resolved by the
finding that efflux IS dependent on the .lectric field
strength within the tissue and not on incident
intensity (Joines and Blackman t 980). The calcula
tion to nansform the incident intensity to internal
field strength was based on an empirical model
described by Joines. "t .£ (1981). With the data
available at 50 and 147 MHz. the model was used to
predict intensities that would produce both altera
tions and no alterations in calcium-ion efflux; some
predictions were tested and found to be valid
(Bteckman 1t.1. 1981). Thne reportS described two
intensity ranges that appear effective for enhanced
efflux at both 50 and 147 MHz. identified the internal
ellctric field strength ,ather than incident intensity as
the imponant exposure parameter. and showed the



substances at synapses). The first report of
the influence of modulated RF fields on excIsed bra 10

tissue was Bawin etal. (1975). who showed that a 20
mrn exposure of chick brarn tissue In vItro to a 147
MHz field at 1 to 2 mW/cm 2 (SAR estimated at 0.002
W/kg) caused enhanced efflux of calCIum Ions. but
only if the field was sinusoidally amplitude modulated at
frequencies of 6. 9. 11. 16. or 20 Hz. Maximal efflux
was measured at 16Hz. Modulation frequenCIes of O.
0.5. 3. 25. and 35 Hz were ineffective. This freQuency
specific response. which occurred while the 147
MHz carner field was maintained at the same power
denSItY. Indicates that the field· induced efflux of
calCIum Ions was not due to heatrng of the samples.

Joines et al. (1981) examined the dependence on
sample spacing by calculation of the electrical
coupling between the samples; for simiircity the
samples were modeled as spheres. They found that
rncreased electrical InteractIOn between the more
closely packed spheres proDuced a broader range of
internal field strengths wlth,n each sphere. Thus. if a
given rnternal field strength were necessary to cause
enhanced efflux. the chance would be greater for that
internal field strength to occur In closely coupled
samples exposed to a specific range of incident
intensities. Joines et al. (1981) found thIS result to be
consistent with the experimental findings In
Blackman et al. (1 980a). Thus a potential artifact was
shown to be a logical result of the experimental

In another report. Bawln et sl. (1978) exposed chick procedures.
brarn tissue for 20 min to 450-MHz fields. amplitude The intensitY response observed by Blackman et al.
modulated at 16 Hz. at 0.75 mW/cm 2 (SAR estImated (1979) with modulated 147-MHz carner waves was
at 0.0035 W/kg) under a variety of Chemlcal

l
confirmed by Sheppard et al. (1979) with 450-MHz

conditions. The results demonstrated that (a) the carrier waves. modulated at 16Hz; calcium-ion efflux
enhanced efflux of calcium Ions IS not highly sensitive was enhanced at 0.1 and 10 mW/cm2 but not at
to the external calCIum concentration. (b) bicarbonate 0.05.2.0. or 5.0 mW/cm2. (The estrmatedSAR at 1.0
appears to be Important for en.hanced efflux. (c) . mW/cm2 is 0.0047 W/kg.) The results of these two
lowering the pH from 7.6 to 6.8 In the presence of reports show that the intensIties producing calflium-
bicarbonate may enhance the magnitude of efflux. ion efflux from chick brain tIssue in vitro are within
and (d) lanthanumcauses a reversal to field-Induced the range of 0.1 to 1.38 mW/cm2 for modulated 147-
retardatIon of calCIum Ion efflux. MHz and 450-MHz carrier waves.

(

Corroboration of the fTeQuency-specific response
described by Bawrn and co-workers was provided by
Blackman et al (] 979), who showed that 16-Hz
amplitude modulation of 147-MHz carrier waves
caused enhanced efflux in chick brain tissue in VItro.
whereas modulation frequencies of 3. 9. and 30 Hz
did not. Although the data had large varIances. an
unusual intensItY response wa. described. I.e., only
0.83 mW/cm2 (SAR estImated at 0.0014 W/kg)
produced a statIstIcally SIgnificant efflux enhance
ment (intensity values are corrected based on
diSCUSSIon In Blackman .tal. 19BOa); power densItIes
(0.11. 0.55.1.11 and 1.38 mW/cm2) below and above
the effectIve value did not cause efflux. In a later
report. Blackman et al. (1980.) used a reVIsed
statIstIcal model and experImental procedure to
reduce the influence of the large lample vanance. An
intensIty response identical to their earlier result was
found. However. when the distance between samples
WIll halved. the range of intensities that produced
enhanced efflux increased to include 0.55.0.83. 1.1 1
and t.38 mW/cm2• whereas tower and higher values
of 0,11 and 1.66 mW/cm2 were ineffective. In
addition. an intensity region from 0.55 to 1.1 1
mW/cm2 caused enhanced efflux when 9 Hz wes .

~ used as' the modulation frequency. These data.
obtained with a more rigorous experimental protocol.
provided additional support for the results of 8awin .t
al. (1975) and Blackman.t at (1979); however. the
explanation for the dependence on sample spacIng
awaited funher developments.

The apparent carrier-frequency independence of
effective intensities was tested with a 50-MHz carrier
weve. amplitude modulated at 16Hz. Enhanced efflux
of calcium ions occurred within two ,"tensity regions
(between 1.44 and 1.67, and at 3.64 mW/cm2; SARs
were 0.0013 and 0.0035 W /kg. respectively)
separated by intensities of no effect. including 0.72
mW/cm2 (Blackman et al. 1980b). These effective
Intensity values were different from the corresponding
values of 147-MHz radiation; thereby indicating a
dependence on camer frequency. In addition this
result revealed the existence of more than one range
of effectrve Intensities.

The apparent discrepancy in effective power
densities at the three different carrier frequencies
(50. 147, and 450 MHz) has been resolved by the
finding that efflux IS dependent on the electric field
strength within the tissue and not on incident
intensity (Joines and Blackman 1980). The calcula
tion to transform the incident intensity to internal
field strength wal based on an empirical model
described by Joine.. • t al (1981). With the data
available at 50 and 147 MHz. the model wal used to
predict intensities that would produce both altera
tions and no alterations in calcium-ion efflux; some
predictions were tested and found to be valid
(Blackman .t at 1981). These reportS described two
intensity ranges that appear effective for enhanced
efflux at both 50 and 147 MHz. identified the internal
electric field strength rather than incident intensityas
the important exposure parameter. and Ihowed the
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importance of frequency-dependent complex permit
tivity values of brain .tissue In the conversion of
incident Intensity to internal field strength. The
exposures at 50 and 147 MHz caused no generalized
heating of the sample. The maximum temperature
rise was calculated to be <O.OOO4°C. and SAR
calculated at each carner frequency was <0.0014
W/kg IBlackman er 81. 1980bl.

SubseQuent to the critiQue by Athey (1981) that the
simple spherical model used by Joines and Slackman
(1980) was too Idealized. these authors showed that a
layered sphere model produced relationships between
inCIdent Intensities at 50. 147. and 450 MHz and
internal field strengths that were also consistent with
the experimental results (Joines and Blackman
1981). The success of the Initial. simple models to
predict intenSity regions of both field-induced efflux
enhancement and no enhancement demonstrates
the utIlity of the approach. More refinements In the
models are necessary before the experimental
situation IS realistically described.

Shelton and Merritt (1 981). who used different
procedures from those described by S.WIn et a/.
(1975). BI.ckman et a/. (1979. 1980a.b). and
Sheppard et a/. (1979) reported no change in calcium
ion efflux from rat br.in. Bra/n tissue. labeled in vitro
with radioactive calcium. WIIS irradi.ted at 1 GHz.
pulse-modulated with square w.ves at 16 or 32 Hz
(0.5. 1.0. 2.0. and 15 mW/cml ). In • second report.
Merrin .ta/. (1982) exposed rat br.in tissue I.beled in
vivo with radioactive c.lcium to microweve r.diation,
pulse modulated at 16 Hz (20-ms pulse width). The
intensities for the l-GHz c.rrier frequency were 1
mWIcml (SAR =0.29 WIkg) .nd 10 mWIcm l (SAR =
2.9 W/kg); and for the 2.45-GHz C8rrJer frequency. 1
mWlcm.2 (SAR = 0.3 W/kg). In addition••n,m.ls
labeled with radioactIVe calcium were exposed for 20
min to 2.06-GHz radi.tion at one of 17 different
combinatIons of intensItY .nd pul•• repetition r.te: O.
0.5. 1.0.5.0. 10.0 mW/cml (SAR wa. 0.24 Wlkg per
mW/cm l ); and 0.8. 16.32 Hz (puis. width was 10
ms). Aft.r exposur.. brain tissue was .nalyzed for
r.dio.ctlVity. No .tatiatally signifiC8nt fi.ld-induced
.nh.ncem.nt of calcium-ion efflux or change of
calcium com.... the brain ti••u. wal found. The
r••son for t~ Mgative findings is not known;
however. the UIIi 01 equare wave r.th.r than line
wave modulation.lhe differ.m biolog'C81 pr..,.rat.on.
• nd diff.r.nt medium composition .r. f.ctors that
m.y have influenced th. outcome.

&.7.&.2 Additional CNS Studie.

Th. r.ports of field-induced calcium-ion efflux from
chick braIn tiSlue in vitro h.ve led to oth.r eNS
studies. Syn.pto.om... prepared from rat c.r.br.
.nd labelled with r.dio.ctive calcium. were .xposed
for 10 min at 0.5 mW/cml to 4&O-MHz fi.lds.
amplitude modul.ted .t O. 16. or 60 Hz (Lin-Liu and
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Adey 1982). Onlv 16 Hz aHected the eHlux kinetICS of
calcium ions. Although the SAR can be estimated as
low. an ex.ct value cannot be uneQuivocally
established because the exposure chamber may have
been operated in a multimodal COr:dltlon. (See Weil et
al. 1981.) Nevenheless. this result is modulation
d.pendent. and it is unlikely that heating is involved
as a causative agent.

Similar field-induced efflux enhancement has been
reported in a liv. animaL Adey et al. (19821 exposed
awake. immobilized cats to 450·MHz fields. amplitude
modulated at 16 Hz. at 3.0 mW/cm 2 (SAR = 0.29
W/kg). The release of calcium ions from the cortex
was observed as a function of time. Irradiation for 60
min caused episodes of enhanced eHlux lasting 20 to
30 min and extending into the postexp05ure period.
Although focusing on a different component of the
efflux kin.tics than that studied by lin-liu and Adey
(1982). th.s. results demonstrate th.t RF fields
modulated at 16Hz can cause changes in both a
subcellular membrane system and in the live
mammal. Thus. the field-induced phenomenon is not
restricted to an avian species nor to in vitro
preparations.

Recently, Dun. lit a/. (1984) observed fi.ld-induced
enhancem.nt of c.lcium ions from cell. of human
origin. Monolayer cultures of human neuroblastoma
c.Us were exposed for 30 min at ten SARs from 0.01
to 5.0 W/kg to 915-MHz fields. with or without
sinusoid.I amplitud. modulation (80 p.rc.nll at
frequenci.s b.tw••n 3 and 30 Hz. Signific.nt
incre.... in the .fflux of calcium ions occurred at two
SARs (0.05 and 1.0 W /kg). Th. incre.secI efflux at
0.05 W/kg w.s d.pendent on the pres.nce of 16-Hz
modul.tion but not at the higher valu•. Exposure at
modulation frequ.nci.s between 3 and 30 Hz (5AR =
0.05 W/kg) r.v.aled a peak in the respons••t 16Hz.
Although the .ffective SAR (0.05 W/kg) for 16-Hz
modulation is more th.n 38 times gr••t.r than the
SARs for enh.nced .fflux of calcium ions from chick
brain tissue in vitro. the low-frequ.ncy r••ponse
panern was similar to th.t reponed by sawin lit .,.
(1975) and BI.ckm.n lit ai (1979). The r.'ation of
enhanced .fflux with unmodul.ted fieldaIt 1.0W/kg
with the .ffects of modulated fields is not known .t
this time; however. it is not due to • temper.ture
incr.... in the sample becau.e enhancem.nt W.I
not found .t SARs of 2.0 • nd 5.0 WIkg•

The .ffect of modulat.d RF fi.lds on the·EEG wa.
investigated by T.ka.him••t .,. (1979). Rlbbits were
exposed 2 h daily for 6 weeks to 1.2 MHz. .mplitud.
modul.ted .t 15 Hz. or 5 MHz.mplitude ri'IoduJated at
14Hz. Following eJq)OSure. the EEG WI' recorded
with scalp .lectrod.1 and. when compared to the
pretr••tment EEG panern. wal found to be .It.red
with enh.nc.d low-frequ.ncy components .nd
decre.s.d high-frequ.ncy compon.nts. The EEG
p.n.rn returned to the pretreatment patt.rn after
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several weekS postexposure. Although the electnc
fi'eld intensity was given as 500 V1m. with an error
factor as large as 2. the important aspect of the
results was that unmodulated fields of Similar
intensity had no effect on the EEG pattern. The
absence of metallic electrodes ,n the animal dUring
exposure avoids the maJor critiCism of earlier studies
that reported field-induced changes In EEG patterns
(Gavalas et aJ. 1970; Bawln et 81. 1973).

Sagan and Medici (1979) studied the Influence of
450-MHz fields. sinusoIdally amplitude modulated at
either 3 or 16Hz. on locomotor activIty In young
chickens. The experiments were performed in a
plastiC. modified Skinner box wIth light beams to
monitor activitY; the complete apparatus was placed
in an anechoic chamber and exposed in the far field.
The authors found no statistIcally SIgnificant change
in performance during or Immediately after a 23-mm
exposure at 1 or 5 mW/cm2 (SAR estimated at 0.2
and 1.0 W Ikg). They concluded that the lack of a field
Induced response could be due to the use of
modulation frequencies not present In the chlcken's
EEG during performance on the panlcular (fixed-time
schedule) task. An alternative possibility. based on
the multiple-intensity ranges observed for field
induced calcium-Ion efflux. IS that the two Intensities
used in this study may have been outside the effectiVe
r.nges.

In summary. four groupS (Adey at a/.; BI.ckm.n at al;
Ouna et a/.; Takashim. et al) h.ve shown th.t RF
fi.lds. sinusoidally modulated at sub-ElF frequencies.
especi.lly 16Hz. cause eNS changes in diff.rent in
vitro preparations and in the live .nim.l. Many of
these studies have been .n.lyzed in reviews (Adey
19B1; BI.ckman fit a/. 19B1; Greeng.rd et a/. 19B2;
Mvers and Ross 19B1). It is gen.rally agreed th.t both
the mech.nlsm of int.r.ctlon .nd the phYSIologIcal
cons'Quences of these ch.nges .r. y.t to be
established.

6.7.6.3 Non-eNS Studi..

Th. eff.ctS of exposure of p.ncr.etic tissue .nd T·
lymphocytes to RF fi.lds. sinusoid.lly .mplitude
modulat.d at tow tr.quencies. have been .xamlned.
An incr.as. of CItaIIIRt-ion efflux from r.t p.ncr••tic
tiuue'Jq)OSedin.et2mW/cmZ for 1 t02.5h.t
147 MHz. modu' Of at 16 Hz (.stimated SAA <
0.075 W Ikg), hN·..." reponed by Alben lit al
(1980). However. the efflux was not accomp.nied by
a change in prOlein secretion. which is norm.llv
auoci.ted with calcium mobiliz.tion in the p.ncr•••.
The authors .nributed the I.ck of proteIn secretion to
.a limitation impOSed by the exposure conditions. i.e.•
a r.'atively small volum. of medium was aveilable to
the tissue for normal metabolic .ctivity.

In anoth.r in vitro ....y. the cytotoxic .ctivity of
mouse T-lymphocytes w.s suppressed by a 2-h
exposure (1.5 mW/cmZ) to 450-MHzfields. modulated

at frequencies between 16 and 100Hz {Lyle et a/.
1983}. Peak suppression occurred at 60-Hz modula
tion. With smaller effects at 16. 40. 80. and 100Hz.
The exposed cells recovered full cytotoxic activity
12.5 h after the termrnatlon of exposure. This result
demonstrated an rnhibitory but reversible effect on a
cell-mediated Immune response by modulatIon
frequenc,es.

5.7.5.4 Sinusoidal ELF and Sub-ELF Sign.ls

Most of the studies reviewed above demonstrate an
absolute requirement for low-frequency sinusoidal
modulation of the RF camer wave In order for the
signal to be effective biologIcally. For completeness.
s.veral reports are mentIoned that describe biological
effects of exposure to low freQuencl8s in the absence
of an RF carrier wave. Bawln and Adey (1976. 1977)
exposed chick and cat cerebral tissue for 20 min to 1.
6. 16. 32 or 75 Hz at electric field gradients of 5. 10.
56. and 100 Vp-pI'm In air. Only two frequenCIes. 6
and 16 Hz. caused a reduction in calcium-ion efflux at
10 and 56 V1m for the chick tissue. and.t 56 V1m for
the cat tissue. Because all other combinations
produced no field-induced responses. the aut,ors
described "amplitude and frequency windows': for
calcium-ion efflux. Electric field gradients within the
tiuue were estim.ted to be 10-$ V1m. The field
induced reduction in ~fflux is in contr.st to the
enhancement caused by modulated RF carri.rwaves.
Nevertheless. the frequency dependance observed in
the two studies was similar. which suggests an
interaction with a common substrate as the site of
int.ractlon.

BI.ckm.n fit a/. (1982) us.d chick brain to study the
influence of 16-Hz slgn.'s at 15 intenSIties between 1
and 70 V.-/m on the efflux of calcium ions. Two
intensity regIons th.t Included 5. 6. and 7.5 VIm and
35. 40. 45. and 50 V1m caused enhanced efflux. No
field-induced effects w.re se.n below 11.2. and 3.5
Vim). betwe.n (10. 20. and 30 Vim). or .bove (60
.nd 70 Vim) the two effective int.nsity regions.
Moreover. 1- and 30-Hzsign,ls .t4OV/m.causedno
ch.ng. in efflux. This finding is consistent with the
reportS of multipl.-intensity regions of enhanced
efflux caused by modul.ted RF radi.tion (Blackman
fit a/. 198Ob. 1981). In addition to the int.nsity
response. the frequency d.p.nd.nce corroborated
reportS by B.win .nd 'Adey (1976) for Iow-frequ.ncy
signals. and by B.win et a/. (1975) and BI.ckman et
a/. (1979) for modulated RF fi.lds.

In th.se two low-frequency studies. the cause of the
Slight diff.r.nce in effective intensiti. is unknown.
Th. major disagrHm.nt in the result. of Bawln and
Adey (1976) and BI.ckm.n et at (1982) is the
direction of the ch.nge in efflux; the I.tt.r authors
state th.t the "caus. may be found in the slightly
diff.rent pr.parations and procedures used in the two
laboratories. "
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Several research groups have reported biological
changes induced by ·Iow-frequency. sinusoidally
oscillating magnetic fields. The myxomycetePhysarum
polycephalum has a longer mitotic cycle and reduced
respIration rate after chrOniC exposure to 2.0-gauss
magnetrc fields at 75 Hz (Goodman et al. 1979).
Human fibroblasts in culture exposed to sinusoidally
varying magnetic fields tor a wide range of
frequencies (15 Hz to 4 kHz) and amplitudes (0.25 to
5.6 gauss) exhibit enhanced DNA syntheSIS (Liboff et
al. 1984). Fruit flies (Drosophila mBlanogasterj
preferred not to deposit eggs in a 10-gauss.
sinusoIdally varying 50-Hz magnetic field; similar
exposure dunng development of the egg produced
less viable eggs and pupae in the exposed samples
than in controls (Ramirez et al. 1983). These results
suggest that low-frequency, sinosoidaJly varying
fields may alter fundamental biological processes.

Low-frequency, pulsed magnetic fields have also
been reported to produce alterations In diverse
biological systems. These 'systems include the
develOPIng chick embryo (Delgado Bt al. 1982; Ubeda
et al. 1983). Drosophila egg laving and mortality
(Ramirez et III. 1983). the de-differentiating amphibian
reel blood cell (Chiabrera Bt III. 1979). transcription in
the Dipterlln chromosome (Goodman Bt III. 1983).
nerve cells in culture (Dixey and Rein 19821. and
mouse bone cells in culture (Luben et ilL 1982). Many
of these studies used an intricate pulsed waveform.
which has been useel in therapeutic devices for bone
nonunlons. All the studies used pulse repetrtion rates
below 500 Hz. with most below 100 HL Recently.
Liboff et III. (1 984~ questioned the need for the
particular wave shapes because it appears that the
essential element is the low-frequency field.

5.7.5.5 Summary

Many reports of effects of RF fields that are amplitude
modulated at very low frequencies have not been
independently corroborated. The major exception is
calcium-ion efflux from chick brain tissue in vitro at
intenSIty levels far below those that caua heating.
This exceptIon. combined with the results of studies
of bra," biochemilRry and EEGs in anima" and with
synaptosomes end human neuroblastoma ceUI in
culture. providee evidence that CNS tissue from
several species. induding human beings. is effected
by low-intensity RF fields sinoauoidelly amplitude
modulated at specific low frequencies (Table 5-23).
The physiological lignificance of these field-induced
effects IS not established.

5.7.6 Un,..olwd lau••

In addition to the CNS-related changes. amplitude
modulated RF fields have been reported to alter an
immune response and a pancreatic tissue function.
These reports with diverse biological systems are
without apparent connection to each other except for
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the physical agent causing the change. The biological
effects of frequency-mooulated RF radiation. e.g .. FM
radio signals. are not known. The reports Cited above
of Merritt and co-workers indicate that pulsed
square-wave modulation may not cause calcium-Ion
efflux, whereas data from the Bawln et al. and
Blackman et al. studies show that sine wave
modulation IS effective.

No report has yet descrrbed a mechanism of action in
sufficient detail to identIty the conditions necessary
and sufficient to explain uneqUIvocally calcium-Ion
efflux in the brain or the other biological changes
caused by modulated RF fields. The response to
specific frequencies and intensities is unusual and at
present unexplained. This response to amplitude
modulated RF radiation or to sub-ELF signals alone
may be a true field effect at a very low SAR and at
biologically relevant frequencies. i.e.. in the range of
frequencies normally present in the EEG. The
requency-specific nature of the responses provides

evidence against helt as the underlying cause. The
unusual. multiple-intensny-range response challenges
standard dose-response analySes. and by its very
nature. may prohibit the invocation of threshold
levels. ""'i<==--
-----Other areas of unresolved issues include comparisons

of CW VI. PW microwaves under identical exposure
conditions. Such studies would help determine if the
differences seen by Wangemann and CI.ary (1976~

were due to different exposure conditions or to the
irradiation parameters (CW or pw). There is also a
paucity of information on the effects of RF radiation at
different frequencies. particularly at frequenCIes of
envIronmental importance. Studies at different
frequencies would help to determine the reasons for
differences In effects at similar SARs. Such studies
might help explain why Wangemann and Cleary
(1976~ reporteel serum chemistry changel in rabbits
at 0.8 W /kg (2450 MHz~. and why Lovely et III. (1977)
reported no change in serum chemistry values in rats
at 1 W/kg (918 MHz).

There are also data .uch as those reported by Boggs
BI aL (1972). where the results from microwave
h.ating to a predetermined temperature are different
from thou resulting from the same temperature
produced by other means of heating. Perhaps there
are differenCes in the uniformity of heating or in the
rate of h.ating which would account for these
differences. In addition. a studybyDeficia.,.L (1979)
reponed elevated serum triglyceride and~·lipoprotein

lewll in mice exposed to 2450 MHz at 1.5. 3.3. or 4
mW/cm2• but not at 1 mW/cm2• Because the
exposures were condUCted in a multimodal cavity.
SAR value. were not reported and cannot be
predicted. If this study is repeated. particular attention
should be given to dosimetry. An alternative is to
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make or report dosimetrrc measurements in the
exposure system used..

The reported effects on thyroid functIon at 3.75 W Ikg
for 60 h contrasted with no effect at 6.25 W /kg for 16
h (Parker 19731 suggests that the total amount of
energy absorbed may also be an Important conSidera
tion. Additional studies could define further the
relative Importance of dose rate compared with total
dose.
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Excerpts from Effects of Continuous Low-Level Exposure To Radiofrequency Radiation On Intrauterine
Development in Rats, S. Tofani et ai., Health Physics, 1986, VolS1, No.4, page 489-499.

This study shows that at levels much below the ANSI standard that fertility and fetal development
problems can occur.

It emphasizes that Congress should begin to deal with the question of what to do if there are really adverse
health effects, given that telecommunications is such a pervasive aspect of our society

0.08 Watts per kilogram of body weight is the "safe" level set by the ANSI standard for the general
population.

Page 494 gives the exposure level of the pregnant rats at about 0.00011 Watts per kilogram of body
weight, about 11700th of the 008 Watts per kilogram ofbody weight considered "safe" for the general
population.

Page 492 shows only 50% of the pregnant exposed rats had viable fetuses.

Page 496 shows that depending on length of exposure that 24% to 52% ofthe exposed rats had
incomplete cranial development compared to 5.7% for the controls. This suggests that increased
radiofrequencyexposure, even at base station levels could result in infertility problems and fetal
development problems.
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• Siemen. UiJllo,J" anlenna, SlClIlens ,\(j lID M['I>.
Ikn~,~lra..., 117, U-1l5111 ErI"ngcn.l·c,k,,,1 Kepulllie
ul (;-:rl1 ...ny.

11 W'"I\ po..,.hk ttl PIUtltlll" htllntl~l'lh)ll~ HI-' f'l

lh.llhU1Il"\rbtlll.J 'lIll.Jll·l.lt~l·l.'Utl\1~hIl)l",\IU.lin

tWIl,) 1'&' t)(I~l.·" \u.I~ h) \hl ...' Slnl"~ l.'\'l.'r)' ri.II htl\

lUllla,",<I 10 klll"ln "I Ih .. 11\"'1, ~ll kll1aks "f
lit.. II. ( . ,'IIJ "b'""P' "Hlhl h: "I''''l'J slInlll
lanell",I) I he '''Ill'lIlllelll.,1 "PJlaralu, llpaall'd
'"llllllu"II,ly I," -l5 .l. Ih"rdly npII,illg all Ih~

anima\\
AI Ihe '.lllle IIII\<:. Ihl' (;'""1' I allnn.lb Wl'le

~ham-,rr.I,.hak" III .lIll1lhel "xliii l)U1l1lg Ihe
pICgll,IIll'y ,1C1I,"1 \\ht'll Ihl') \\ell' IHI! sulllcrlc,l
III 111.1.11;1111111. Ihl' glu"p ( all.l " "nllll.ll\ "cle
pl.,\\.'" llll;:ltltip 1' .. IU""1

I Ill.' '\'ttl hhlllt' 1I"ol'd 1\)( 1I1.1l" •• llun .lull ~h~II1'

llfJd •• IIIIH\ h..HI tlae h)lItl\\Il1g '-=1l\'lflHlIlh:nt.,1

ldlh)lth)U\ h.IIII"."',ltlll\.· ~~ , ~U( IdJII\~ Itu

n\llI'I) 1~1 ' ~II", I~ ,,",Io.II'~'·'I'''·II\lI\II thlkl ...1
\\llh Jh~lllItl' "lkl~1. .JIllt.J llll,llh,ll1 l)\.k \I~llIg

I ~·h "1:111 alld ,,~,~ 1I1ICl\~h

I" lOll)""': lulled \.'\,IIU~llhH' dl Ihl' Il'lllll').

p.U11\ 1I1.H (.Ill: '\..1\ 1.Jl..l-n In IIh:.J''l\lItng the l"·
1)(1~Uh: h..-,,,:h I )\J\lnh.'tl) 'ttlhl~h.',1 ,.1

III ~h-,'''"1111: hd.l Ie\lls ~1\l1 'llll)llIlIlh.. II
1I111hu I1l1ly '1" .... r the -:l1tll~ )I1.1\.'-= IlIU't'hk\1 (,tI tll\,,'

r,,", w'IIo a hdd 1I1l'ki 11I,IIUll\elll\'" C<lllll'p.:J
... IIh an .,,'ll1'I"" de. I'll ,II "-'II~II t"" anll "llh all
'~Ullllpi.., magllelll ~1I"l1 to., I hc 1I,"I;UOll) \Va,
10 HI 1111 I" he ade'l".II .., ""10111 a IIIMb'1I of I .III

(~l Vl·"I)'lIg 1100: ,11>,,'11" lIt dllkfelll illle,ICI'
'og tl ....lIUl'nl·h.·~. dtlL' hi ~11\ IflJlllllcnlJI h;..ll'k

glUIIIIJ III I" h'blo"I-",d"1 1""I1!o",in l'milll'd lIy
tltL't;L'lll·r.IIIH Iltl\ \1.0&') dillt~ \\'1" a ~1tL'l'IIUII\

;11I;,I)/el,l'" ;llId lI.al1l1o,IIlIe ,lIgllal melll'" ).l"·'
\\llId' had ,I '1I;;ll"II) .IL"Slgllnl hll',,,lIl';11 ~dllll'

anlClllla "pplllp,i;IIdy lalohl.ll ...1 I he lC~1 plll
,ilk.l IIl'gative ,nllll,

(It I:\alllallllg lloe \0111 Iol'hl k\.-b l"l"l'lIl
lit Ihe l;JI ))u" .... "'. wllh all hUlrnplL ~cl1~oI1I,11 all
pl"I"I,lld) l'alth, ,11.-" It ,kl<:<I...1 J Inw amhielll
Ic\cll1lJl Inlh'l'Ul'nl hy 11I1I1111l~ ahL' ~L'lh",'I.llllr

(-I) (lol'l~lIlb Ihl' ,,'11.,1 kll'lk'I,,1III l' "I ;lIlllol'

t (.I) A"'III.Jh.J ~ktl"llll~ 11I'J.111lIlh,:1I1 II: 107; lh)
Aelliaha ~"kkl KV I~, 1.1 '\""I~loa M"Jd KV 17;
"lid (.II Aelllalo.. M,,,ld f(V 1'/,1, '\elll~ha. A\lIon,e
ScL·tor, luu7! t'a')l.:lk 11I(l11\::-'I,,'. h,d)

t (", l!c"kn I'ada.d X\~X II '1k:.1I11111 allal~, ... ,
alll! (hI 11c"'kn 1'". b'd X~, A 1II~lnfralllc .Iogllal
Il\ellhll~. Ik"IcIlI'Jd",,1 ("'. I' () II,,, Unlli. 1'.11"
All... (,\ ').jllli

f

lal5 III Ihe I. /I. ( , ,111.1 /I gllllll'S c\,e,) .by uf
plcgn"lll') ~k;,,"rl'lIl"'lh\\ere IJ~l'lI to ...kl'lh
01 I l'lIl \\'Ih an IIl'lIl,II hhcI I',"hcl'" ,',lIIl1e"'e"
"'Ih a 11""rl,,I', IIoClI'hlllldc't'" I he ~)~lel1l

po.:llll1l1nlan ;lLl'U"ll) 111111"(" Ihe Irl1llll'l.llule
"'as fllund h. ~IJY \\ ,Ihll' ph) >hll'llllL";lIl~ nUflllal
hlllll'

I he hllJy \\cighlIII e.llh J;II\1 \\." Ic..ollkll un
Da)) O. II, Ill. 15. IKand ~O. '1 he Day ~O holly
wClghl fl''''f.lillg "1,,, --.IS 1I\".Ie lilllhl' nd \lcighl
of Ihc IIlen" ;l1Id u'IIl'qlla

AII.bn" '\c" ""I,h, ...1hI' \'l'l \1...11 d"toll';lIhlll
llct"'cell 2,IHI p 11\, ,1I1l1 S:IlO p III lin n..y20 of

g~sl,II,"n J'hl""ll1p'IL'" III """.I nllnlbcr Url'Uf
pilla Inl ..... 1IIIIlIher "I 1I11,,1,1I11,111l11I~ allCl 5,1
k\\,~)', '''"nll'\!. IIlInlbl'l III ""Ilk kIU"'~,

nUIIIIll'f "I ,lc-ad klmes. 1':1,11 h,.d) \\l'lghl anJ
sa III Ihc klll\CS 1',,-llIlplantaliun III~scs wele
cakulJlcJ f," calh ,bll\ by slIhll.ll"Iing Ihc 1IUII\
bel IIll1nl'lanl.III""S ""'"lhl' II II III II", IIfl'l\lll<lIa
lut",a PU\I-1ltlpl.UH,llhlll hl\~~ to, L'jlh d.ull \\l,"IC

IJeIl, ...1 b) SUhll,lLllllb Ihe 1IIImlll'I ,.11I.lhle k
lu,n ""'" Ih,' IIIIllIb,'1 ,'1 11111'1,1"1..1\<'"> I hc
P'l'~C1H'-L' 01 liHlhll<l lok.1 g,lVl.' l'\llknLl: 01 1h....
prcgnalll)" III """"~ 111 \\ IlId, IlIIJII"-''''l'lllIl'' ' ...·IC
oh><:1 "l'"

SUIIsL"llllenll~, Ihe I'resCOKc IIf l'\lelnal \'a" .. 
IIIlI\). a'hllllahc, ," 11I;llIinlllalhlll\ "a, .cellrdeol
rOI callI I,:IU, lilly IlCOlenl III ealh IlIleI \\-.,~

c1ealcJ «( .,(,~, Sio-I) hI' s~e1d,11 csalll,n.ll,on allll
Ihc IIlhet 50'. \l,I> h,"'tI 1,,, \ ,sl'e"lll'\;IIIlII\;\lioll
h) WIIs,,"', lL'lhlllqm' (Will)l

Ihe IUkl ~1\l'I;lgL' '\,1\ Ih .... lIlllt tlh)\l"'u hu ll.lIa

dnJI}~I~ ('~(l·pl 1111 klll~ IH~llf"n1t,lli,)n~, .11101\1

alin alld \;lIlallllll>, 'II \\hid, ••"e Ihc killS \\a,
l'lIllSldClClllhe "llCllllIl'lIl;II II"il I nl ;lIHI UIII
trol gltHlp ltlllllhl~lilitlll \\.h ~\Idl ,t~ h' PI'l\ltk a

sulhl'ielll 111111111" 01 "pe"mellial Uillb (~illgle

founs) Ii" Sllll;,hle ,1;11,,11';01 C\;oIIl;,lillll (!'aHlll,
S(all~I",1I ,III,II),i, ollhc In"lI, \\,1, h): (I)

1),1I.lIell·. 1111,1111'1.- "II"I',IIIS,11I "',1 (1)11'151 hll
mean IIIJI"III;o1 ,111<1 kl.11 '\C,~hb: (!} 1\1.11111
Wllllllq" lJ 1.-,1 (S,)/,) I" l"'llIpare IIle.1II IIlll1lbo:r
or ClllPOl.l IUll'a. llIeall IIl1l11hcl "llIlIplallialloll,.
ml.:an h'kIY·\\ClbhIIIH.·IL'.I')C, Il1l',llI 1l11lllhl'lllf\i·

allic I\:lu"",,, ;1' \\cll a, pl"- a"d 1""I"lIIplalll;oIl<'"

t (al I U\lhlll I\J"dd I MI'. 11>1 I "'II"" ~l'kkl
WOnA: lu\lron, ItlflO 1l..°II,1 ndl,lr\n"IHho", ~1tHlilIJIII
\'i"w, (,\ '/~1I-11

I",\C~: and (,H l'hi "I";\le Inl 10 l'ol11pa,e Ihe
II II IIIher Ord.lIl\) \\ilh 1110'". 10.lIpliulI>, IIUIIII"'1
lIr tlalll~ \\ ilh 'i"hlc lelu","", nUllIhl'l ot" klu,o
\\lIh \alial"lIls. allulllahes III mall"IIll"li'"I\, .111,1
pcrl'ellla~e ollllak ;llltlli:m;ok kill'.". I hl' 1<:\ eI
lIhiglllh .... II\e \\.l~ ~1'I ,II P <.: (1.11:\ h,,;oll ".III>li,.11
h:~I~

Ht :0.111.1 S

(allli"l"gll "/ ...."1""",,,,,
Thc 1i11l.l\\llIg r~~lIl1s 1;\1 all.I;lIl1, ill Ih,' 1'"1f

C\pl'limelllall;llll.pS arc givclI ill I abk I l""I"",1
IUle.l, IlIIpl,'"I,lIi,"\), 1Il111l Ill' I .,I.I.lm, \\ IIh h.I,,1
"""1'1"'11', IIl1mlll'l nt" ll;olllS \\jlh \ 'ahk klll\L',
allJ pre· and p.I\I-impIJnlalioll h,»o I hl' pll"·
CUl''': "I' ,k~ld klll~l'~ \\;j~ nul \)h~L"I\\.'tI

SllIle Ihe "'1ll'III1,elll;II 111111 l\;o~ Ihe hllL'I, Ih..
dJla ill Ihe I."'k~ .lit' lHean, of hUl'l 111";111> UI
lIIe;ons III Iollel JlCr.-~lIlagt:. The slallJar.l erl<lI
\\llId. Jlkl'1S e\"cr) 'altoc IS illdll'ale.l hl'(\\ecll
hladL"IS

I he d,II,1 III IIII~ I.,hk ,ho\\ Ihal \'\1"1\111'- I"
HI· la.hal"'"l'all~ ..1a high 1I1111111l'1 ,,1.1.1111> \\ Ilh
10Ialll'~",pli,'n, III alll,ealC.1 gll'"I" II", dk...
h,l.I 'Ill ,",,,Il''''', of 511',., '" Ihe d'III1' "I ~I<IIII"
/I all" (' alld ot" !1I', III Ihe .bm~ "I gl""p II,
\\ hik Ill. dJ'1I 01 nlllll"1 lllllllp ,\ 1"..1 10(,11 Il',
S<lIpIIOIl~,

I ,'1I1e 2 ~h,,\\s Ihc Iilllll\\'llIg le,"I" .Olll ,., '"11,;
IlIII)' Ihe dam~ \\ilh viahle 1l:III~C' ;11 I ),1) ~II "I
ge~lallollli,rall cxpcrilllclllal glllllpS: •.,,, I'IlI " h,·
Il';o, illlplalll;llillll~, liahlo: Ii:III~e~. 1""- .. n.lI""1
illlpl.IllI;oIi"" 10"'0. \\\'ighl ,'lid "., of li'III\I'\ III
Ihi, I.,hle. \<.11, Ihe \;Ihoc, .lIe "'"',II" "I hlkl
1l"':J,n~ ,)1 IIll'~III~ \)1' blll'r Pl'h:\.'nl.lgL'

1'111111 Ill<: \,11110 Iqh"ll'J III lahk 2. II,,' "g'
n,lil';1I11 IIIt"1...I'C 01 Pll,I-ll11plalll;lIioll to",.." 111
di,';oled in lahk I lilf /I "lid (' gllllll", 11111\1 Ill'
"",illUIe" alllhl\l \'\ .. II,,",·I) h' Ihl' ,1.1111\ ""h
10lai Il""ll'lhlll', III fa .... Ihe 1''',I-lInl'l.IIII.III''1I
I",\l', "l'OC 1101 "t:llill,.'"1 III Ihl' /I all.! ( 1:10111'
.1.1111. "IIh \ I"h'" kill"', I'll I).,) 20 "I '~"'''llh'"

I he ,ll;ll·.·IIIL'1\I 1>,'I\\el'lI Ihe Il',,1I1> ,d.llllll~ I"
Ihe I'llal OC"lIplioll, III Ihc (. g',lup l'lllllp;U,'"
\\ llh Ih,)" "I Ihe lJ glllUI', anlilhe IhllI-~,gll,lt..alll
iltl'l·loa'j~ Illlhe IHlIllhL'r uftulal rl'~l)JVli'Hh in Ihl.'

/} grollI', )I111:"IS Ihal litIS l'lk... " hllkl'd '0 l"
Pll~U'C JUllng Ihc \l'IY eMly S1age "t" 11r.. q:~\

dl'\L.'ltlpn\clIl, l"HI~IIl~ unla,\)ul.lhk ldlhlallu,,'\
lill illlplanlalillll

f\lo".I\el. ~illce Ihi, elk. I d.." 'hll Il"UIt III ,I
~lgnilh:,.lI" gL'nt:lali/cLl in\.'I..:a~ ,II 111\: Ihl~l-
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Tobit' I. DOlo for all dams of Iht' four t'x,,",mnuol groups. Va/un~ m~oll.l of Ihf' mfWVU of Ih~ Imrr or mftlll.l of~agn~
Imrr. AjJmmg f'Vt'P'I' va/u~. Ih~ SJlJIIdo,d rrro, IS.E.1 IS ",dlCQlM 'n parnuhnn

o

8

Mann ~;,utn~y's .. u .. ':.~s·_ 'Ol\t'-t.aa!~d)

Tobie: DOlO fo' oomJ of Ihe fOl/' cxflr"mrnloJ ~rOUfl.t "'l1h vrohlr ft'lusl:5 01 Do. ~o ofJ!t'SIOllon lolut's art' mt'an5 ofmftlTl5 of IfIIf"

or mronJ C',' flrrerrrlO~r5 f't'r /rUt" .~jft'Clml: <",'f'T\' I'oiut', lht' standard t'"flr (5.£.1 15 md,eOtt'd m port:rllhl!Sl!s

C:""O:J; £.xoos\Jr~ I·e. o~ Co:-pora lrtlplantatlons: S VIable- S rnal Su
perJOC a..~s .... 1 tt. lut.t. p,..~-) mol.not. fe-tuBes: P oli t-l mplant. welghtl!:} :

I Day) V.~:'.Ie' J.o••e.:
'UI ~

lo.sI'S:

!'!':U5f't "e-an ...~ar. Mean Mea" Ilea" llean

(S.L I IS.C. I IS.C. I IS.C. I (S.C. ) (S.E. )
Ul...

2: 11.00 9.3~

0
16.63 8.80 6.86 3.78 47 53 ."

>
(0.86) 11.01 ) 14.89) 10.96) 12.04} 10.13) ~

C-20

..:

Ie 11.10 9.80 12.87 8.3 ;:.,10.89 3.75 52 48

( l.O~) 11.0~) I•. ~6) (1.37: 17.80) (0.06)

C c.-o l~~OO 9.60 19.89 ~.4 3.33 3.71 ~3 47

10.9~) 11.21 ) 17.65) ( 1.36) (0.2) (0.38)

0 6-15 e 13.2~ 12.00 9.07 9.88 22.25 3.55 48 52

(1.0~) 10.95) 13.13) ( 1.84) [ 12.18) (0.211

Group Exposure

p.rJod
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impl..ntalion losses 10 alllhe e_po!o(d liuers. but
in a 1\>1011 po,l-implanl ..llon luss 10 SlIme dams.
il Ie..ds us to suppose Ihal Ihe elfel'ts musl be
a..:nbcd h> an actionlll' RI' r....h .. lion un the dam (hl/I",""",,,, ,'11,1""/1,,,.\

T ..ble J reports the body weight on O ..ysO and I he elk...,,, of e_po,lIlk live 1IIgan"llI(anilll"'"
!II III' geslallon; weight lin Day 20 uf lest:uion h> R F radi ..lion are ,,"llIm..nly measured hy cal
eAdudinglrav,d ulem" ahs"hlle i",:rease hllm (ul.. llng Ihe ,pnlll, ..1t... ,rl'llI,n r.. le III' enngy
O ..y IIlhfOugh 6, 6 through 10, 10 thfOugh 13. (SA'OI h" SAl{. ",,11..- .. HI l ..d,.. lIon I"",er lien,
I; tllruullh III ..nd III through 211,0 Ihroulh 211, Slly IS equal, i, essenll .. lly duc 10: r..dl"lIon he·
..nd Ihe inereil!o( in Ihe same ~noJ eH:lllding lIuency... rllm..1si/e. 011111 lis ullenl ..lion wilh re-
gravid uleru,. spcd 10 fhllan/:lliun pI-me II' prescnl.

Dala refhlned 10 lahle J refer III Ihe d.llm Ihal Ihe SAI{ "slflllly hnked III KF r"di,,"on en,
had Viable fetu~-s on I>-..y 10 lIf IIcstOillun.1 he: ':'IlY l'lln"CIShln 1Ill1lihuIlIai CnCIIl)·· I his" why,
eumparison hc:tween Ihe hody weight increases whcn Ihe oh,,-,'I nl'o~-d h..s 11llIhCrIllOlegul..tu 'Y
.. t .hlkrenl geslatlllnal Slag.:> IS ,"slihcd \Inl'e Ihe medl.. n"ms, II .... c,.II ..allll .. ,.1 SAil" merd) a
mean nUlllbcr of " ..hie li:luse, 01' >lll'h ,lam", lIIa\l~1 "I 1II\',"U""1: IIl','1 II hK!1
Slmil.. r fur the lour gllluflS \ 1'"111 Ihe SAl{, II " ,''''y I" ,·ak"I.. le Ihe

Values reponed In Tabk J arc mcans of /iller amoulIl 0' .. /le'BY ,dcascd tIl .. whole mgaOlsrn
lIIeans. On Days U-b. Ihe .. eight Increased rela- and, .. hen Ihe SAl{ ",""l1p.. red hI lis h..",llIIeI·
tive hI lhe animals or thecx~ Iroups III lind allllhe rollc 111M I{ l, il I'ltJl'lllo a WolY III eslimale
('I, whose weight was slgnllll'allily Illwer r....haltun h"l .. r,1 SAil Inlell',elollilln "as u,,'J

In Ihe 1,,1I0wing pcnod (Days 1-IOI,lhe weighl 10 sel "_'Ill,ure hUlIh In nallonoll ,1 .. nJ.. ,d, anJ
1I11're..se was lower In Ihe e_po!o(d .. lIImllls ur ",I ..hl"h IIIlellloll")II~1 l:lllddlnO (ANSllI!:
t;IllUI" II anll 11 .... '1111'..1nil" Ihllsc "I Ihe l,,,"tr,.1 IIU'I\II-11 I hll', Ihe ,Iud) 01 Il I 1,I,holll..n clln U
t;ruul'. "n"/limals .. lid Ihe.r '''lleI.II'',,' II .. o"gh S \It IS

'1 he animals 01 lJ glOul'. I!la,h"lcd hllm DoIY 01 'IBmlll:all,e
010 Day 20 of geSlation, sholwed a smaller in- I{e,em sludles ha,e "1I1I11.. led m .. lI·s opUSUle
crease from Day 18 Ihroullh Day 20 uSing anullals or "gunnes ((iullO; Gull-l), lalinl

The increment of body weigh I In Ihc period inlll "'wunl Ihe \\avdclIl:lh in rdollioll to Ihe
Imm Day II 10 Day :!1I111 geslalilln. nel 01 ule:rus siLC of Ihe eAlklsctl ,ohle,ltl )ullOI allli USlIIl: Ihe
alld c.mccpla. is sit;lIIhcanlly Illwer ill Ihe Ihree SAI{ "'Ilu.. , .. /llce: Idcllll, ..1opo,ure cllndilioll'
eApuscd groups compared 10 Ihe control one:; in In Ihis e.pcrimcnl, given Ihc rals' lIIohihly
panicular it is lower fur the II llroup Ihat wus ""hin (heir hmes. 01" ul'pt:r S" I{ limil was SCi
eApllscd rllr Ihe longesl pel iod. l)fe,uming nllllinu'll" e'I"),'lIe cOlllliliulIS Itl II

Results shown in Tahle J suggest Ihal Ihe eA- linearly plllalllcd cledl i"011 helJ III Ihe direcli.lIl
fh'slll'e III RF radial ion pmduces a smaller in- or Ihe main hlld) aAis. Since Ihe fhlwCI dcnsily
crease in the dams' hudy welghl, rcllccling a neg- incidence w..s II I III W cm 2 alld w..s unil'lIln
alive inlluencc: on Ihdr heallh. liver Ihe SUI''''-C a.ailahle III the rals. Ihc ,aloe

The body weight IIlCrea!o( or Ihe dams which of 1.1 x III 'w I..g I 1'," rats wclghing JIlU g ea..h
had lotal rcsorplillns was nul considered bccauso: was lIhtainetl 1''''111 Du111 '1 his value ne.:d nol be
Ihey could 11111 be l'lIll1llilred to Ihe cunlml gmup, l'llrleclell Il\l ne", held e\p,),lIle clllldiliulIS

-rOlblc 4 gives Ihe Ilata from Ihe: e:x1ernal, skd- (ehIl2l. he..-alls': Ihe hdd kvd w..s IlIltl'\l1II ill all
elal and visceral examinalions orlhe fe:luses. The: pll~lIlOns Ihc lats ClllIlJ lake. L,":al cllelgy uplale
percenlage reported in Ihe: tahle refers 10 Ihe: and. he:nce. rdalive SAl{ illueasn in e:lllhryus,
nUlllber of Icluses e:xaminetl till ':Aaml'le. ,an II<: rllkd lllli heeausc Ill' Ihe siu

rhe llllly lilldinll "'ilS an IIlclllllplcle ll"ill,'a- llflllltly p.lth .-.lIlIpar,'d III Ih.: 'ild'OilillU "01'(
li"n Ill' Ihe er..nial hlllles. This varialion was lenglll over Ihe ",hllk hI Ill)' (.. 11<1111 I 1111. S,\R
found in all exposed groups with a much higher increases due 10 a lIIulllh<ltly ellcl'l (0011lJI are
incidence Ihan in Ihe CllIII",1 animals ur in gen- eAduded fur Ihe sallie rcaSlln 1 he mea II SI\R
eralobservations of animals of Ihis slraill, lhe value is elll1lpOlre,lluIlMI{. whidl is 0.51 W III I

fe:w eXlernul and viSl:erallllalfurmalions did nol for Ih,:sc animals (Du7lll, \I is deal Ihallhe mean t

b." ." ,u,re~;;:;: ~~o~::"~~~;~:" ,b, .". ~
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5.6.3. Unmodulated Radiofrequency Fields

No data were found.

5.6.4. Summary

The preceding studies show that pulsed magnetic fields inhibit the hormonal action of

parathyroid hormone, which Is to Increase the concentration of cAMP, decrease the rate of

collagen synthesis in bone cell cultures, and Increase the rate of bone resorption. This action

occurs at plasma membrane FTH receptors. These experiments indicate that pulsed magnetic

fields interfere with the signal transduction system which is mediated by the binding of PTH to

its plasma membrane receptor. Inasmuch as cell proliferation is also thought to be mediated

through the activation of multiple signal transduction systems. it Is possible that ELF also has

the potential for causing changes in some of these systems and thus could have an effect on

ceU growth Inctuding the growth of preneoplastic lesions and tumors.

5.7. MELATONIN AND OTHER HORMONES

In the previous section. the effects of ElF fields on parathyroid hormonMependent

aspects of collagen synthesis were examined. Another endocrine gland, the pineal, and Its

hormones have been associated with certain forms of breast and prostate cancer in humans

and with cancer induction in animaJs.

5.7.1. Background: Melatonin and Cancer

Various investigators have reported an association of melatonin secretion with cancer in

humans, partieutarty certain forms of prostate and breast cancer. Fraschini et at (1988)

examined 254 cancer patients and found lncreued serum melatonin levels in 99 cases

(38.9%), decreued levets In 15 cases (5.9%), and no change in 140 cases (55.2%). Mean

..-urn mefatonin levets were lignfficanUy higher in cancer patients compared with 98 heafthy

COIlb ols (p<O.OOO1). Regardless of cancer type. serum melatonin levels were higher in cancer

patients compared with controls: breast and lung cancer, p<O.OO1; colorectal and gastric

cancer, p<O.OO5; soft tissue sarcoma, p<O.01: and lymphoma, p<O.025. Fraschini et at

(1988) also observed that 66.7% of the patients whose tumors responded to chemotherapy

aJso exhibited increased serum melatonin levels following chemotherapy.

10l22I9O
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Cohen et al. (1978) proposed that reduced pineal melatonin secretion may be a faetcr in

breast cancer risk. Bartsch et al. (1981, cited in Wilson et al., 1988) reported that women with

breast cancer had reduced urinary melatonin levels. Danforth et al. (1982) noted attered

melatonin secretion in patients with estrogen-positive breast cancer. Bartsch et at. (1985)

reported that men with cancer of the prostate had lower noctumaJ melatonin levels than men

without the disease. Stevens (1987) suggested that ELF field·induced exposure in rats may

re.uJt In loss of gonadaJ downregulation, resutting in increased circuJating estrogen levels

which may in tum stimulate mammary tissue proliferation and hence increase breast cancer

risk.

Tamarkin et at (1981) reported that melatonin alters dimethylbenz(a]anthracene (OMBA)

mammary carcinogenicity. Fifty-day-old rats were given 15 mg of OMSA and were divided into

four groups: (1) DMBA + vehicle: (2) DMBA + daily melatonin injections (beginning at day

SO); (3) DMBA + pineatectomy (at day 20): and (4) DMBA + pineatectomy + melatonin.

Group 2 had significantly fewer mammary tumors than group 1 (controls), indicating that

....Jatonin inhibited carcinogenesis by DMBA: group 3 had more tumors than group 1,

Indicating that removat of the pineal enhanced carcinogenesis; and group 4 had fewer tumors

than groups 1 or 3, Indicating that metatonin ameliorated the adverse effects of pineatectomy.

From their studies, which demonstrated that rats constantly exposed to light had Increased

DMBA-induced mammary tumors, Shah et at (1984) and Mhatre et at. (1984) conctuded that

constant light from birth effectively deprives female rats of melatonin and leads to a constant

availability of estrogen and elevated circulating prolactin, which increases the turnover of the

br8ut epithelial cells, thereby rendering the breast tissue more vulnerable to the

c::arcinogenicity of DMBA. Some experiments jn rodents have shown an increase in mammary

C8nC8r on admfnJstration of estrogen and of prolactin (Henderson and Pike, 1981).

Imrmme and neuroendocrine functions cooperate ctosely to protect the organism from

..mal attacks (Maestroni at .... 1988). Maestroni et af. (1988) demonstrated in experimental

studies with mice that metatonin has a general '"up-regufatory" effect on the immune system.

Exogenous melatonin can counteract the effect of acute stress and/or of pharmacologic

corticosterone on antibody production, thymus weight and antiviral resistance. Maeatroni et

II. (1988) suggest that activation of T lymphocytes is necessary for the immuno-enhancing

and anti-stress action of melatonin.
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